The identification and discrimination of a stop-consonant voicing contrast (/da/-/ta/) was assessed in children and adolescents who had moderate, severe, and profound sensorineural hearing losses. The location of the perceptual boundary between/da/and/ta/did not differ between normal listeners and listeners with moderate losses. Of the ten listeners with severe losses, five evidenced normal boundaries, three evidenced longer-than-normal boundaries, and two could not identify the stimuli at all. Of the three listeners with profound hearing losses, one could identify normally, and two could not identify at all. For the most part, discrimination data mirrored identification data. However, in some instances listeners were able to discriminate between stimuli they could not differentially identify. These subjects appeared to have the auditory capacity to resolve differences in voice-onset-time but could not use this capacity to make phonetic identification.
INTRODUCTION
A common outcome of experiments on the identification of stop consonants by children with moderate and severe hearing tosses is that the children make relatively few errors when identifying the voicing feature of the consonants, but make relatively more errors when identifying the place feature (Byers, 1973; Erber, 1972) . We might conclude from this outcome that the cochlear damage which underlies the toss in hearing sensitivity also impairs perceptual processing of the bursts and rapid frequency transitions which are the acoustic cues for the place feature.
It would be premature, however, to conclude that the cochlear damage does not impair the perceptual processing of the acoustic cues for the voicing feature--in this instance, the correlated acoustic consequences of the delay in first formant onset relative to the release burst [ In this study, children and adolescents with moderate, severe, and profound sensorineura[ hearing losses were presented stimuli from a synthetic/da/-/ta/continuum in both identification and discrimination formats. Our interest was (i) to determine whether Hsteners with different degrees of hearing loss place the phoneme boundary at the same location along the VOT continuum when the stimuli are presented at equivalent sensation levels, and (ii) to determine whether listeners who cannot differentially identify voiced and voicless stimuli can, nevertheless, discriminate between the stimuli. In addition, we wished to determine the correlation, for hearing-impaired listeners, between the location of the perceptual boundary along the VOT continuum and the VOT values used in their production of voiced and voiceless stops. Our interest in this correlation grew out of a presupposition that some hearing-impaired listeners would evidence abnormal perceptual boundaries.
We wished to deter- The subjects' productions of/da/ and/ta/were recorded onto a cassette tape using JVC KD-2 and Nakamichi 500 cassette recorders, with a Spectrum SM/230 unidirectional electret condenser microphone.
For spectrographic analysis, a Spectraphonics SSD-1 spectrograph was used with a Tektronix 4632 hard-copy unit.
Voice-onset-times were measured from the hardcopy spectrograms.
D. Procedure
The following procedures were used with all of the hearing-impaired subjects. The subjects first listened to the identification tape. They were instructed to listen to the stimuli and to write their answers on a response sheet or, in the case of some subjects, tell the tester the sound they heard. The training portion of the tape was played repeatedly until the subject indicated that he/she heard at least the last two stimuli as/t/. All subjects met this criterion.
For the discrimination task, the subjects were told that they would hear a pair of sounds and that their task was to decide whether the two were the "same" or "different." Subjects responded by writing their response on a provided sheet or telling the tester that the sounds were the "same" or "different."
Again, the training portion of the tape was played a number of times until the subjects reported that the first five were the "same" and the second five were 'tiifferent."
All subjects met this criterion.
After the discrimination task, the subjects were instructed to read 20 randomized cards, each printed with the syllable "da" or "ta." These readings were recorded on portable cassette recorders.
For the control group, normal hearing sensitivity was first verified at 500, 1000, and 2000 Hz, bilaterally. The subjects then listened to the identification and discrimination tapes in consecutive order. Recordings of/da/ and/ta/were made on five of these subjects. All instructions to these subjects were identical to those given the hearing-impaired children. 
B. Rank order correlations
Rank order correlations were assessed (i)between the location of the phoneme boundary and the sensation level at which the subjects heard the stimuli, and (ii) between the location of the phoneme boundary and the V OT produced for /t/. We were interested in the first correlation because some of the listeners in the severe hearing-loss group, due to the severity of their loss, heard the stimuli at less than 25 dB SL (see Table II ). We wondered, therefore, whether those subjects who evidenced a longer phoneme boundary or who did not evidence a boundary at all, heard the stimuli at a reduced sensation level. That was indeed the case. The correlation between SL and the location of the phoneme boundary was significant (rho = -0.79). Nevertheless, we are not inclined to believe that the longer phoneme boundaries were caused by the reduced sensation level. We note in Table II that Why should some listeners with severe hearing loss have a longer boundary? One possibility is that because of cochlear damage they need a longer V OT to perceive the stimuli as having asynchronous components. That is to say, the cochlear damage impairs one aspect of auditory temporal resolution. A second possibility is that these listeners perceived the aspiration in the signals as less intense than did the other listeners. Were this the case, then the phoneme boundary would indeed shift in the direction found here (Repp, 1979) . However, since the listeners who evidenced . First, it can be seen in Table II that normal phoneme boundary was clearly more shallow than that for the listeners with a normal phoneme boundary. This indicates, of course, that more stimuli were ambiguous. In summary, it appears that the best account for the longer-than-normal phoneme boundary is that the listeners needed a relatively long VOT to detect the cues which specify a voiceless stop.
B. Discrimination without identification
We turn now to a consideration of the subjects who could not identify but who could discriminate.
On the basis of the identification task, it appeared that the auditory systems of these two subjects processed the stimuli with VOTS of -10 and + 60 ms in exactly the same manner.
On the basis of the discrimination tasks, however, we know that the auditory system could detect some difference between the two stimuli.
The different outcomes of the identification and discrimination tasks are most likely due to the different "task demands." In the discrimination task, the subject has only to note any acoustic difference between two stimuli (the first of which does not change from trial to trial). In the identification task, the subject must not only detect the correlated acoustic cues of VOT, but must also assign a phonetic identity to each stimulus.
Given two stimuli presented in close temporal succession, and given a standard which did not vary from trial to trial, the subjects' auditory systems were suf- It is important to point out a factor, the age at which the listener first received amplification, which distinguishes the two listeners who could not identify the stimuli as voiced and voiceless from the other listeners in the severe group. Severe •9 first received amplification at age 5 yr. Severe •10 first received amplification at age 10 yr. These ages stand in striking contrast to the mean age of 2.5, at which age the other listeners in the group received amplification. This outcome points out the obvious--that the identification of VOT is not to be predicted on the basis of the degree of hearing loss '(and thus cochlear damage) alone.
We turn now to a consideration of the two subjects (one severe and one profound)who could neither identify nor discriminate between the stimuli. It can only be assumed that these two subjects.' auditory systems were so damaged as to be unable to detect differences between stimuli which physically differed by up to 70 ms of voice onset time. It is not surprising to note that one of these subjects (severe •9) did not produce/d/ or /t/. In contrast, we note that the other subject who that the cochlear damage which underlies this subject's profound loss in hearing sensitivity does not necessarily disrupt the resolution of differences in VOT. Thus, in some cases, at least one aspect of temporal resolution can remain normal in profound hearing loss.
Second, it appears from the performance of Profound Ling's (1973) experiment, the listeners were asked to make both place and voicing decisions about six different stop consonants. In contrast, in our expertment, the subjects were asked to make only voicing decisions about two stop consonants.
